Bistable images have the possibility of being perceived in two different ways. Due to their physical characteristics, these visual stimuli allow two different perceptions, associated with top-down and bottom-up modulating processes. Based on an extensive literature review, the present article aims to gather the conceptual models and the foundations of perceptual bistability. This theoretical article compiles not only notions that are intertwined with the understanding of this perceptual phenomenon, but also the diverse classification and uses of bistable images in psychological research, along with a detailed explanation of the neural correlates that are involved in perceptual reversibility. We conclude that the use of bistable images as a paradigmatic resource in psychological research might be extensive. In addition, due to their characteristics, visual bistable stimuli have the potential to be implemented as a resource in experimental tasks that seek to understand diverse concerns linked essentially to attention, sensory, perceptual and memory processes.
Introduction
It is known that the identification of regions in the brain that are associated with a conscious perception of visual stimuli is one of the aims clearly defined in neuroscience (Cumming & Parker, 1997) . It has also been stated that visual search tasks have used bistable images in order to study multiple psychological processes such as priming effect, semantic modulation, unity assumption, attention, top-down and bottom up processes, and perception, among others. The reason why these images have been taken into account in psychological research is that bistable perception involves diverse concepts of cognitive neuroscience as well as mechanisms that allow for a dissociation of processes linked to sensory stimulation from those that are connected to conscious perception (Borisyuk, Chik, & Kazanovich, 2009; Weilnhammer, Ludwig, Sterzer, & Hesselmann, 2014; Yeh, Hsiao, Chen, & Spence, 2011) . In this regard, bistable images have become a paradigmatic category that makes it possible to investigate different psychological phenomena. In fact, bistable stimuli have been extensively used to understand factors entailed in visual perception and consciousness (Leopold & Logothetis, 1999; Pressnitzer & Hupé, 2006; Sterzer, Kleinschmidt, & Rees, 2009; ).
Method
In order to carry out a detailed literature review of bistable perception, its nature, its foundation, applications and foresight, a scientific literature search was performed by using scientific databases such as SCOPUS, Science Direct, DOAJ and PubMed. The key words were "bistable perception," "multistable perception," "ambiguous figures," "perceptual reversals," "ambiguity in visual perception," "perceptual reversibility," "eye-tracking studies" and "bistable images paradigm." Studies on bistable and multistable perceptions were taken into account, as well as texts that referred to methodological and technical factors or research paradigms. All duplicates were identified and duly removed by using automatic and manual procedures (combined).
This search led to the collection of 89 references, including empirical-analytical studies (78) and review articles (11). In addition to the inclusion of texts that refer to bistable images as a paradigmatic model, articles related to experimental tasks associated with the study and understanding of the phenomenon of bistable perception were considered. The comprehensive scientific literature that was found also involves several underlying factors of multistable phenomena such as perception reversibility, modulation of visual perception, and different types of reversible figures. There were deferral criteria for all the results that were obtained. First, articles that were about bistable (or multistable) perception relating to auditory perception were discarded, leaving only articles that contained information on visual perception (in association with bistable or multistable perception). Secondly, it was estimated that the notions "perceptual reversals" and "perceptual reversibility" were necessarily linked to the perceptual bistable phenomenon. Nevertheless, every article that came from using these key words was reviewed in such a way that they were about bistable visual perception. As far as the key word "eye-tracking studies" is concerned, it was necessary to remove articles that were not about eye-movement patterns in viewing ambiguous figures, leaving just three articles. Given the fact that a preliminary search showed that there are a few scientific articles on eye-tracking studies relating to bistable visual perception, the present text draws together articles published since 1980, a date after which articles that are points of reference on eye movements in viewing bistable images were published. Thus, in order to define a search time interval, more than 30 years were taken into account, based on the publication date of the article by Gale & Findlay, a mandatory reference in relation to eye movements during bistable perception (it is one of the two book sections that were included; these chapters are, indeed, scientific papers). 77 articles that were found (out of 89) are dated from 2002 to 2017 (see in Figure 1 ). The search was done from January 2016 to December 2017.
Bistable perception: essential notions and principles
The perceptual phenomenon by which an observer perceives the same stimuli in two different ways is known as bistable perception (Borisyuk et al., 2009; Clément & Demel, 2012; Grossmann & Dobbins, 2006; van Loon et al., 2013) . Without any variations in the stimuli (in the case of a static image), or with movement or fluctuations (in the case of bistable or multistable dynamic visual stimuli), the observer's perception often alternates between two possible interpretations, because the stimuli offer several interpretation possibilities that cannot be perceived simultaneously (MorenoBote, Rinzel, & Rubin, 2007; Schauer, Kanai, & Brascamp, 2016; Weilnhammer, Stuke, Hesselmann, Sterzer, & Schmack, 2017; Xiaogang et al., 2017) . Given that bistable visual stimuli admit two (or more, in the case of multistable images) possible percepts (Sterzer, Russ, Preibisch, & Kleinschmidt, 2002) , they can also be called ambiguous figures (Brouwer & van Ee, 2006; Okazaki, Kaneko, Yumoto, & Arima, 2008) . Likewise, the phenomenon of visual perceptual bistability can also be known as visual bistability (Intaitė, Koivisto, & CasteloBranco, 2014) , where a shift of the possible percepts of bistable image necessarily emerges, commonly called perceptual reversal (Fagard et al., 2008; Sandberg et al., 2014) . These changes between one percept and the other are what make bistability arise. It is essentially caused by alterations in patterns while observing the bistable stimulus and is also understood as a variation in gestaltic processes of organization (Pressnitzer & Hupé, 2006) . The concept of "bistability" applies to several processes in which alternations are possible such as bistable perception and binocular rivalry. Furthermore, there are multistable phenomena. For them, the word "multistability" is often used. In this regard, it is possible to define multistability as the phenomenal experience of alternating between perceptual representations (Castelo-Branco & Castelhano, 2015) . Thus, each bistable phenomenon can be considered multistable and the act of alternating between two different visual percepts while observing a constant ambiguous input is called bistable visual perception. To understand this phenomenon, diverse factors that allow the perceptual alternation that is typical of this type of images have been considered. On one hand, it is evident that the physical characteristics of bistable images generate ambiguity, in such a way that the resulting perceptual configuration depends not only on the way the stimuli are being observed, but also on the areas of the image in which the eyes are fixing and the observer's visual trajectory during observation (Gale & Findlay, 1983; García-Pérez, 1989 , 1992 Hsiao, Chen, Spence, & Yeh, 2012) . Thus, when the physical aspects of the stimuli are the ones that impact perception (as in shared surroundings for the two possible interpretations and defined plans, contrary and complementary shades, rotations that lead to the creation of optical illusions, among others), it is inferred that what is manifested there is a modulation of visual perception, in this case, the bottom-up type (Hsiao et al., 2012; Meng & Tong, 2004) , which is also understood as an endogenous influence (Brouwer & van Ee, 2006) . Secondly, it has been widely demonstrated that the perception of a bistable image is also conditioned by a processing of information different from the physical characteristics of the stimulus, that is from the concepts and predispositions that are integrated into the perceptual process, modulating the result of what is being seen. This sort of modulation is known as top-down type processing in terms of basic psychological processes, where the interpretation of a bistable stimulus is established by information previously stored in the memory, or by information that additionally forays in the perceptual system, generating an interpretative echo at the moment of semantically defining the percept.
The alternations between the two possible percepts are related to attention processes whereby eye movements can be responsible for the exertion of voluntary control (van Dam & van Ee, 2006) . The design of visual tasks that are based on ambiguous images must consider the fact that during prolonged viewing a sudden alternation emerges as long as the two interpretations are equally likely to occur (Kornmeier & Bach, 2005) . In this regard, the type of visual bistable image can exert an influence on the possibility of switching percepts. Furthermore, the perceptual system enables the maintenance of attention to stimulus properties with a specific expected reward. Thus, the system itself is able to prevent interferences from distracting aspects of the stimulus (Piantoni, Romeijn, Gomez-Herrero, Werf, & Someren, 2017) . On the other hand, perceptual alternation has been explained by a mutual inhibition circuit in which there is an adaptation of neurons that emerge as a consequence of neuronal fatigue (Kogo, Hermans, Stuer, van Ee, & Wagemans, 2015) . All these factors give visual tasks more or less complexity depending on the ambiguous stimuli that are going to be used.
The bottom-up and top-down approaches for understanding perceptual bistability converge in the idea that visual perception leads to a dynamic function of the brain that is modulated not only because of basic sensorial processing (bottom-up), but also because of exogenous references to the distal stimulus which impact its interpretation (top-down processing) . In this regard, the occurrence of perceptual reversals poses bi-causality (Kornmeier, Hein, & Bach, 2009) . Additionally, alternation between percepts can be involuntary (especially when bottom-up modulations are presented), but it can also be voluntary, not only when observers execute attention controls that direct their perception (Intaitė, Koivisto, Rukšėnas, & Revonsuo, 2010) , but also when they perform eye movements (voluntarily or involuntarily), which can impact the observed percepts (van Dam & van Ee, 2006) .
It has been stated that there can be an interaction of bottom-up and top-down processes during the perception of a bistable image (Kornmeier et al., 2009 ). These processes seem to influence the way an observer independently perceives an ambiguous image (Intaitė, Noreika, Šoliūnas, & Falter, 2013) . Considering that bottom-up factors are related to both the features of the stimulus and the way the image is being viewed (Hsiao et al., 2012) , the perception of a bistable image tends to alternate stochastically (Denham et al., 2012) . That switching is usually involuntary, nevertheless, there can be a control by the "will" (Borisyuk et al., 2009) . The interaction between top-down and bottom-up levels of processing is linked to cycles of adaptation, inhibition, and recovery processes. Thus, perceptual reversals can be caused by feedback operations that occur from central mechanisms to lower level sensory activities, in such a way that selective attention can be directed (Intaitė et al., 2013; Leopold & Logothetis, 1999) . The comparison of the models of perceptual bistability shows that they are founded in the idea of a dynamic bistability, understanding this as the presentation of a bistable visual stimulus that possesses two (or more) states inside the space of a dynamic model (Borisyuk & Hoppensteadt, 2004) .
Other theoretical approaches that explain perceptual alternation include the following: first, parameters of slow adaptation, where it goes from a stable state to another (hysteresis); second, a rupture of the symmetry where an irregularity given by the perceptual alternation is manifested (noise); third, transitions and metastability, which imply transitional phases that lead to perceptual bistability and perceptual jumps; fourth, probability models that describe bistable perception depending on randomized variables; and finally, complex systems (complex dynamics in a deterministic system), where reversals are irregular and subject to dynamic properties in a plan that consists of two states (Borisyuk et al., 2009) .
On the other hand, intrinsic properties of bistable stimuli have been estimated (see Figure 2 ), namely exclusivity, inevitability and randomness. Exclusivity means that each perceived percept will be seen in a unique way; that is to say, the two possible percepts of the bistable image will never be perceived simultaneously. Inevitability accounts for a passive and automatic process through which perceptual alternations emerge. And randomness is associated with involuntary attention processes, mediated by random cerebral mechanisms where the timing for the execution of such process corresponds to the brain's own decisions, for example saccadic eyemovements (Leopold & Logothetis, 1999) .
Types of bistable images
The classification of bistable visual stimuli that has been carried out has taken into account diverse mechanisms of perceptual organization. In this regard, psychological process integrated to perceptual systems (like attention and the modulating mechanisms of visual perception) have contributed to the classification of bistable images. Some bistable images are not linked to establishing a different meaning for each single possible percept (e.g. Necker cube) whereas others imply disengaging from the first percept so as to assign a new meaning to the new perception (see Figure 3) . Additionally, reversibility of meaning needs to direct attention to eliminate the original interpretation. In other words, reinterpreting the bistable visual stimulus can be under the control of executive processes of selective attention, inhibitory control and alternation (Bialystok & Shapero, 2005) .
The criteria used for the establishment of a classifier correspond to three fundamental notions, namely: first, the alternation between one figure and another, where the perceived one acquires the connotation of perceived figure and the other emerges as a background; second, the alternation as a sense of direction (change in the sense of perspective or change in the direction of the movement); and third, an alternation between the meaning of what is perceived where the bistable stimulus seemed to contain simultaneously two percepts with different semantic contents, but they can only be perceived individually and never simultaneously. This is how three types of bistable images can be established (Bialystok & Shapero, 2005; Long & Toppino, 1981) : 1. In figure-ground reversal images are characterized by the fundamental fact by which one of the percepts is assumed as the background of the whole image, while the other stands out from the background and becomes the perceived figure (the vase-face illusion is an example); 2. The images known as In perspective reversals have the particular feature that while the observer experiences each perceptual reversal, they experience a jump in the direction of the perspective of the image so that the positional sense of the images shifts, as in the case of the Necker's cube; and, 3. Bistable images In meaning-content reversals. This type of bistable images facilitates the alternation of two percepts that are presented in the same level of prominence, but where each one is different in terms of the shape and its semantic content (meaning), as can be seen in the Boring's image My girlfriend or my mother-in-law.
But aside from this classification, other classifications must also be estimated, depending on other criteria, like the number of possible percepts of the image and whether the stimulus is shown statically or in movement. Thus, regarding the number of percepts as criteria, apart from bistable images, there are tristable stimuli, a type of multistable stimuli that contains three different possible percepts (Long & Batterman, 2012; Naber, Gruenhage, & Einhäuser, 2010) . In this sense, multistability implies assuming a particular phenomenon linked to the generation of diverse percepts which lead to the notion of multistable perception (Gori, Giora, & Pedersini, 2008; Meso & Masson, 2015) .
Referring to the criterion that deals with the movement of the stimulus, the classifier considers two types of ambiguous images, static and dynamic. An example of the latter is "The silhouette spinner", a bistable image in movement where a woman who rotates can be perceived as rotating either clockwise and counterclockwise (Liu, Tzeng, Hung, Tseng, & Juan, 2012) . Then, the possibility of perceptual reversals emerges, where reversibility is given from the shift in direction of the movement (Jackson, Cummins, & Brady, 2008) . As another criterion for categorization, we have color, with bistable images in grayscale, black and white and color (García-Pérez, 1992) . Regardless of the type of bistable image, it is assumed that the percept that is mostly perceived will be the dominant percept (Kogo et al., 2015) .
Neural bases of bistable perception
The phenomenon of bistability in vision leads to a neural activity that implies operativity of diverse neural substrates (see Figure 4 ) and several integrated perceptual processes (Munhall, Ten Hove, Brammer, & Paré, 2009 ). The use of invasive electrophysiological techniques has been considered the most suitable instrument to find explanations from the point of view of perceptual neural activity and its underlying factors. Nevertheless, and given that these techniques require the insertion of electrodes through the skull, they turn out to be dangerous methods, to the point that they can cause infections and injuries . Taking that into account, functional magnetic resonance imaging -fMRI has become the most common technique to establish neural correlates with bistable perception in human subjects . Besides this technique, electroencephalography (EEG), magnetoencephalography (MEG) and transcranial magnetic stimulation (TMS) are also recognized as useful and widely used. Through these methods, neural activity is measured (indirectly) in groups of neurons, which suggests extreme caution and methodic discipline to generate interpretations . FMRI studies suggest that in relation to the perceptual process manifested during the observation of a bistable image, the fronto-parietal region of the brain plays a determining role in terms of solving ambiguity and defining a percept (Kleinschmidt, Büchel, Zeki, & Frackowiak, 1998; Megumi, Bahrami, Kanai, & Rees, 2015) . Moreover, TMS studies of the parietal cortex have demonstrated causality in diverse areas in the perceptual reversals that arise during bistable perception (Kanai, Carmel, Bahrami, & Rees, 2011) . It has also been found that the intraparietal sulcus plays a very important role in perceptual stabilization during bistable perception, while the dorsolateral prefrontal cortex is involved in the appearance of perceptual alternation (Vernet, Brem, Farzan, & Pascual-Leone, 2015) . The upper parietal lobe works as a regulator between alternation and stabilization; it is an area of the brain that operates as an integrator of neural activity during bistability and binocular rivalry, at least in perspective bistable images like Necker's cube (Baker, Karapanagiotidis, Coggan, Wailes-Newson, & Smallwood, 2015) . On the other hand, several recent studies have stated that there are correlations between perceptual alternations and the volume of gray matter in areas of the upper parietal lobe and with the concentration of gamma-aminobutyric acid (GABA) in the occipital lobe (Sandberg et al., 2016) .
Perceptual reversals are related to certain activations in the extraestriate visual area; likewise, there are certain cortical areas that are involved in perceptual alternations, particularly the lower frontal cortex and the lower parietal cortex ). Nevertheless, apart from being associated with perceptual transitions during the observation of bistable images, the activity in the frontal cortex and in the parietal cortex is also involved in the stabilization of the percept . Specific regions of the occipital lobe and the parietal lobe show an important activation, raising the question of whether the frontal areas are the ones that exclusively initiate perceptual alternation (Castelo-Branco & Castelhano, 2015) . It has been stated that frontoparietal areas play a role in perceptual alternations. Additionally, it has been suggested that the right frontal and parietal cortex play a causal role in perceptual reversals (Weilnhammer, Ludwig, Hesselmann, & Sterzer, 2013) . Brain imaging studies show that a broad network of primarily righthemisphere frontal and parietal areas is activated around the time of perceptual reversals (Kleinschmidt et al., 1998) . As can be seen, there is a connection between all these areas and the alternations during bistable perception, although their role as a causative factor has been a matter of debate (Weilnhammer et al., 2013) .
With regard to the neural activity that is observed during such alternations, it has been stated that there are diverse areas that participate depending on the type of reversible images observed ). Thus, for bistable images of a perspective type (like the Necker's cube), or for bistable images that admit perceptual and diverse percepts in respect to the perception of orientation and movement (like the Nobuyoki Kayahara ballerina), neural activity is present in the areas of the frontal and parietal lobes, in visual areas related to movement and also in areas of the extraestriate visual cortex. For perceptual reversals referred to bistable images of semantic content, an important activity is registered in the areas of the ventral stream (via occipital lobe to temporal lobe), areas that are associated with the recognition of shapes in terms of identifying what they are . That kind of neural activity leads to top-down processes in the recognition of percepts in terms of its semantic content. It has also been found that the balance between staying in a percept and jumping from one to another causes a dynamic interaction between the right intraparietal anterior sulcus and the prefrontal dorsolateral cortex (Vernet et al., 2015) . Furthermore, reports refer to the correlations between the perceptual dynamics manifested during bistable perception in areas of the upper parietal lobe (Megumi et al., 2015; Sandberg et al., 2016) . Moreover, it has been found that injuries in the lateral geniculate nucleus (thalamus) have a detrimental effect on experiencing perceptual reversibilities (Munar, Rosselló, Maiche, Travieso, & Nadal, 2008) . Likewise, damages to the frontal lobe, particularly right frontal injuries, reduce the transition of perceptions while observing reversible figures (Meenan & Miller, 1994; Ricci & Blundo, 1990 ).
Perceptual reversals and binocular rivalry
Several studies have indicated that the processes that are involved in the emergence of perceptual reversals are linked to binocular rivalry. Basically, binocular rivalry consists in the alternate perception between the different images that are exposed to each eye (Brascamp, Klink, & Levelt, 2015; Carroll & Bressloff, 2014; Mishra & Hillyard, 2009; Mudrik, Deouell, & Lamy, 2011; Takase, Yukumatsu, & Bingushi, 2013) . Thus, when one image is exposed to one eye and a different one is exposed to the other eye, instead of the images superimposing, one of them is seen for a few moments followed by the other. Thus, perception alternates between those two images at irregular intervals. This is typical of the perception that can be appreciated in the observation of bistable images, where the phenomenon of perceptive dominance arises. In addition, it has been shown that binocular rivalry plays an important role in perceptual reversibility, and its operativity impacts the perceptual reversals (van Dam & van Ee, 2006; Weilnhammer et al., 2014) . Moreover, there is a certain interaction between eye movements and perceptual alternations, so that such alternations can sometimes be manifested without there necessarily being eye movements, based on the fact that there is interdependence between the oculomotor activity and the voluntary control of perceptual reversals (Gale & Findlay, 1983) . Blinking can even influence perceptual transitions, given the difference manifested between the proximal stimulus presented before and after each blink (Baker & Graf, 2010) . On the other hand, binocular rivalry has been assumed as a low-level process (referring to interocular competition and the stimulus capacity), and also as a high-level process when it is linked to proceedings where an interocular grouping has emerged (de Weert, Snoeren, & Koning, 2005) . Functional brain-imaging studies of house-face binocular rivalry and Rubin's vase-face illusion have repeatedly reported face perception-dependent activity in the right fusiform gyrus. It has been also stated that high-level cortical structures play a role in perceptual rivalry (Ngo, Liu, Tilley, Pettigrew, & Miller, 2008) . Despite the fact that interocular conflicts that encourage binocular rivalry often occur, the perceptions are stable and seldom switch between dissimilar images. This fact can indicate that visual processing might inhibit perceptual rivalry (Takase et al., 2013) . On the other hand, binocular rivalry is linked to attention modulation due to perceptual alternations during the competing process that are affected by the surrounding stimulus (Fukuda & Blake, 1992) . The contrast of the rival target is a factor by which the dominance of a monocular image accesses awareness (Castelo-Branco & Castelhano, 2015) . Competitive stimulus selections through visual attention are processed in the visual cortex with a selectivity that can be observed in higher cortical areas like V4, MT and IT (Mishra & Hillyard, 2009) . Endogenous attention extends the duration of dominance during rivalry when it is deployed to specific features of the competitive stimulus. Likewise, the selection of a rivalrous grating to be dominant in terms of perception can be made by both involuntary and voluntary attention (Hancock & Andrews, 2007) . As Mishra and Hillyard (2009) said, competition during binocular rivalry could be "an example of a more general attentional mechanism within the visual system".
Perceptual bistability associated with the theoretical model of high and low levels
It must be estimated that perceptual reversals can be explained through the theoretical model of high and low levels. As stated , there is a correspondence between high and low levels theory and bottom-up and top-down modulation of perception, respectively. As can be seen in Figure 5 , there are two ways in which perceptual reversibility appears: option A, associated with the explanatory theory of low level, which suggests that spontaneous alternations take place in the visual cortex. This option is the foundation of bottom-up processing. The bottom-up explanatory theory of perceptual bistability states that a perceptual reversal occurs through mediation of an adaptation of the sensorial mechanisms; the activity of a perceptual mechanism sustains a specific perceptual configuration until, due to fatigue, the competitor percept emerges sustained in another mechanism (Intaitė et al., 2010; Kogo et al., 2015) .
As far as option B is concerned (high level), in order to have perceptual reversibility-that is to say, the appearance of perceptual reversals-there is a dependence on central processing that can involve brain regions in the frontal area and elsewhere . The top-down processes emerge from this last model, which are related to psychological aspects of the individual (Barrera & Calderón, 2013) . What is more, it has been found that perceptual reversibility is connected to this type of proceeding (Long & Toppino, 2004) .
Evidence of the impact of top-down and bottom-up processes on bistable perception has been also reported when an image that does not accept perceptual reversibility is presented to the subjects before the ambiguous figure has been shown so that the knowledge obtained with the revision of the first contributes to the perception of the alternative percept, which suggests an adaptation effect (Kornmeier & Bach, 2005; Qiu et al., 2009; Rock, Hall, & Davis, 1994) . In brief, it has been shown that bistable perception implies both types of processing (Kornmeier & Bach, 2006 ). Gale and Findlay (1983) demonstrated that there are critical areas within a bistable image that favor perception of each of the possible percepts. After a thorough analysis of the critical lines that constitute the bistable image My girlfriend or my mother-in-law, they suggested that certain traits of the image enable the observer to perceive one image more easily than the other (young woman or old woman). After a graphic synthesis of the original Boring image, their study pointed out four specific areas, each one of them with visual and useful information for the recognition of either precept. On the basis of this study it was inferred that specific areas of attention favor one percept over the other (Hsiao et al., 2012) . In other words, specific areas and certain aspects that constitute a bistable image facilitate the perception of a precept, and when an observer fixes their gaze in such areas and characteristics, the recognition of the percept emerges (Gale & Findlay, 1983; García-Pérez, 1989 ). This type of perceptual modulation is known as the bottom-up factor, because the characteristic (or the modulator factor) entails a sensorial processing without the need for information that can imply a semantic priming effect (Meng & Tong, 2004) .
Bottom-up modulation and semantic modulation
The perception of certain bistable images can be modulated from a disambiguation, where the implementation of an effect of perceptual priming can be experienced. Disambiguation implies the previous exposition of each possible percept of the bistable image (with zero possibility of bistability). Such exposition contributes to the perception of the previous disambiguated percept at the time of the observation of the bistable image (Qiu et al., 2009) . As can be seen in Figure 6 , the outer images become disambiguators of the ambiguous image, exposed in the middle (Intaitė et al., 2013) .
In addition to this, intermittency paradigms have also been used to study perceptual bistability. In essence, this paradigm proposes the intermittent exposition of bistable visual stimuli, where it is evident that the dominant percept tends to keep manifesting itself after intermittency (usually areas in white), although it is warned that the duration of the interruption is critical (Kogo et al., 2015) . Furthermore, there is a sort of modulation that involves the phenomenon of semantic congruency: when an observer is looking at an In meaning-content reversals bistable image, their perception of one of the possible percepts of the image can be influenced if they are simultaneously listening to an audio that refers to that particular percept. This is a crossmodal stimulation model, which also leads to a crossmodal perception (Lalanne & Lorenceau, 2004) . The semantic congruency is marked by the relation in terms of the semantic content between the auditory stimulus and what the image depicts (Balcetis & Dale, 2007; Feist & Gentner, 2007; Goolkasian & Woodberry, 2010; Hsiao et al., 2012; Smith, Grabowecky, & Suzuki, 2007) . As was mentioned before, this type of modulation entails a crossmodal semantic congruency, where the modulation phenomenon emerges due to the association between the information provided from different sensorial modalities. This is how visual information and auditory stimulation are assumed as a unity by the observer. This notion is known as unity assumption (Vatakis & Spence, 2007) .
Conversely, it is possible to find unimodal modulation models (perceptual and semantic), for which a previously disambiguated image is exposed before the bistable image is shown. In this scenario, the information provided in the first exposition impacts the later perception of the bistable figure (Qiu et al., 2009 ).
Other studies conducted on bistable images (or based on bistable perception)
The particular features that define bistable figures allow their use in psychological research in topics related to attention and visual perception, to questions related to some disorders. In this regard, bistable stimulation may be involved in the field of psychopathology, taking into account that some disorders are linked to deficits in attentional control. Aydin, Strang, and Manahilov (2013) indicated that the paradigm of perceptual rivalry is a useful tool for exploring deficits in attentional control. For instance, Krug, Brunskill, Scarna, Goodwin, and Parker (2008) , found that patients with bipolar disorder made fewer perceptual reversals than people without psychi-atric diagnoses. Furthermore, some studies on perceptual organization in schizophrenia spectrum disorders have shown evidence for and against a perceptual organization deficit (Uhlhaas & Silverstein, 2005) . Models of cognition that have appeared recently have also advanced understandings of the underlying pathophysiological processes of perceptual organization dysfunction in schizophrenia spectrum disorders. To some extent, deficits in perceptual organization may be part of an important disturbance in the integration of information across space and time. In other words, the perception of reality is not constant. Regarding this, the use of bistable perception has the potential to be taken into account as an alternative in the treatment of schizophrenic patients. Basar-Eroglu, Mathes, Khalaidovski, Brand, and Schmiedt-Fehr (2016) showed that pathological changes of alpha activity during visual bistable perception in schizophrenia could provide a proper model to study cognitive and sensorial processes and the likely impact of perceptual failures owing to psychiatric illness. Schizophrenia patients have impairments at several levels of cognition such as visual attention, perception, and social cognition (Heinrichs & Zakzanis, 1998; Matsumoto, Takahashi, Murai, & Takahashi, 2015) , whereas a healthy person is able to experience bistable perception by stabilizing the current percept or by initiating perceptual reversals. McBain, Norton, Kim, and Chen (2011) indicated that patients with schizophrenia show altered processing of bistable images.
The features of bistable stimuli have also allowed them to be implemented as a research instrument in diverse psychological phenomena. Particularly, studies on bilingualism associated with perceptual capacities have found a cognitive mechanism in perceptual bistability that implies an analogous flexibility in bilingual minds (Bialystok & Shapero, 2005) . Moreover, the evaluation of executive functions linked to perceptual processes resorts to perceptual bistability to determine the effect of the decrease of certain cognitive abilities, including the analysis of variables like age. It has been found, for example, that there are correlations between age and the capacity to make spontaneous perceptual alternations; when a person reaches a certain age, this ability diminishes (Aydin et al., 2013) .
Another study aimed at testing the role that is played by interhemispheric competition through the corpus callosum while alternating the percepts of bistable images. Conducted by Fagard et al. (2008) , this study showed that the rate of perceptual reversals can be mediated by the corpus callosum. According to the researchers, the role that this interhemispheric connection plays within bistable perception phenomena might be attentional, given the fact that the corpus callosum is involved in the regulation of attention processes where the two hemispheres are implicated. Based on the results, they suggested that interhemispheric interaction related to bistable perception is linked to both low levels and high levels of processing.
On the other hand, bistable images have also been used to establish the effect of the gravitational orientation of body on visual perception. In this regard, different studies have been aimed at establishing the effect caused by body position on perceptual processes during the observation of bistable images. The findings of Yamamoto and Yamamoto (2006) suggested that the perception of bistable images is modulated by vertical gravity, a fact that can imply a multimodal integration of vestibular, proprioceptive, and tactile inputs. The findings of Clément and Eckardt (2005) show that the perceptual reversibility of perspective bistable images takes longer when subjects are laying down than when they are positioned vertically. Another study observed how depth perception and the perceptual predominance of bistable figures are altered when the human body is in conditions of micro or hyper gravity. It was found that gravity has an effect on the stability of the dominant percepts (Clément & Demel, 2012) . Finally, bistable images have been used to study insightfulness and creativity, as people who are able to discover the different percepts that are included in an ambiguous image are also good at solving creative problems (Laukkonen & Tangen, 2017) . Selective attention and its relation to bilingualism have also been studied with bistable images tasks. In this regard, it has been found that bilinguals are better at perceiving ambiguous images than monolinguals, suggesting that selective attention is implicated in the way people complete tasks connected to alternations while thinking or perceiving (Chung-Fat-Yim, Sorge, & Bialystok, 2017) .
Conclusions
The use of bistable images has allowed them to become a suitable paradigmatic resource for the instrumentalization of experimental tasks within the scope of basic psychological processes. Aside from contributing in the modeling of studies referred to attention, sensation, perception and memory, bistable perception itself has a great usage possibility, not only in the context of cognitive science, but also in neuropsychology and neurosciences. The singularity of the phenomenon allows researchers to study a large number of psychological factors, transcending the frontier of what is merely perceptual. On the other hand, studies conducted on bistable images have implied the use of diverse techniques and instruments, most of them non-invasive. Several scientific findings have been useful in understanding bistable perception as a psychological phenomenon, from neurological foundations to the cognitive processes that are implicated while ambiguous images are being seen. Visual search tasks can use bistable images to study and understand multiple psychological processes. Given the fact that several psychological mechanisms are linked to the observation of bistable images and taking into account that multiple areas of the brain are activated while observing these images, it is imperative to carry on understanding the modus operandi of this phenomenon, in order to keep making progress in the discovery of the functioning of the human psyche.
